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Abstract 
Recently, throughout the world, there is a special emphasis on the development of a photovoltaic 
industry. In fact, the solar photovoltaic (PV) is now, after hydro and wind power, the third most important 
renewable energy source in terms of globally installed capacity. The growth rate of the PV industry 
during 2011 increased by almost 70 percent, an outstanding level among all renewable technologies. 
Especially in Mexico, there is great potential for this kind of systems. In July 2007 the CRE (Energy 
regulation commission) published the grid connection contract. This contract opens the possibility of 
installing small solar PV systems connected to the grid (up to 10 kWp for residential applications and 30 
kWp for industrial applications). This allowed for an important growth of the photovoltaic industry. 
Due to that important development of the PV industry, there is a need for engineers trained to design, 
install, and evaluate this kind of systems. The Autonomous University of the State of Mexico 
(UAEMEX) offers a new engineering program related to the development of sustainable energy systems. 
This kind of engineering program requires special equipment for experimentation and practice. Part of 
this equipment is very expensive and is designed just for certain applications. 
Specialists at UAEMEX detected the need of a system to evaluate and demonstrate the application of PV 
modules, but they also found that most of the systems in the market are too small and are not capable of 
evaluating different arrangements.  
This paper sets forth the design of a mobile system to evaluate PV modules and arrangements. This 
system is useful, not only for demonstration practices, but also for experimentation with different 
materials and types of PV cells. 
The design allows the completion of 2 or 4 PV modules with different positions and inclination. Also, it 
is prepared to simulate some interferences and shadows on the modules in order to evaluate their effect.  
The prototype is equipment with a data acquisition system that will be used to obtain the PV module 
curves. Also, it will be used to evaluate the atmospheric and shadow effects on these modules. This 
prototype will be used to complement the learning of solar-PV systems, but also to meet the needs of 
basic science, math, and engineering teaching objectives in an integrated and hands-on way. 
A basic description of the design of the system proposed is set forth in this paper with a comparative 
analysis of the systems in the market. Finally, there is a summary of practices that may be performed with 
the equipment proposed. 
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1. Introduction 
Recently, in the entire world, there is a special interest in developing technology to improve the 
application of renewable energy sources. Specifically, the development of the photovoltaic technology 
experienced an important boost in recent years. In fact, by the end of the decade, solar PV is expected to 
be cost-competitive against retail electricity prices without subsidies in a significant portion of the world.  
 
Particularly in Mexico there is great potential for this kind of systems, because the average annual 
daily solar radiation is about 5 kWh/sq.m./day and there are some places with an average radiation of 
7kWh/sq.m./day. Besides, the Grid Connection Contract allows the installation of small PV Systems 
connected to the grid. After the approval of this contract, there was an increase in the installation of this 
kind of systems, particularly in small industries, commercial facilities, and homes.  
Due to the expected increase in the demand of PV systems in Mexico there is a need for professionals 
trained in the sizing, design and installation of these kinds of equipment. In fact, some universities, 
including the Universidad Autónoma del Estado de México, have added a professional engineering 
program related to the renewable energy sources. 
 
But, all engineering programs need special equipment for practice. Alas, in Mexico there are few 
companies dedicated to the manufacture of teaching equipment.  
 
Particularly for the energy professional degree program, the Interstate Renewable Energy Council 
[1,2]   considers the need of a mobile PV training unit that is essential for proving PV systems in different 
locations and under various atmospheric conditions, like the one at the Florida Solar Energy Center [3]. 
 
There are several PV training devices in the market, but most of them comprise small solar cells with 
batteries and electronic equipment that does not allow for testing commercial PV cells. For instance, 
photovoltaic manufacturer IKS’s Solar Trainer Junior includes 4 small PV cells, charge controllers, and 
electronic equipment that allows to obtain the U/I diagram of the cells as well as different performance 
parameters. Nevertheless, this system is not capable of testing the performance of commercial solar cells. 
Also, this equipment, as most others, is imported and rather expensive.  
 
The aforementioned reasons made clear the need of designing training and testing equipment that 
would allow students to practice and test commercial PV panels. This is advantageous in the sense that 
the equipment would be designed especially to suit the needs of the program and the university. Also, the 
local government has been particularly interested in having demonstration equipment available in order to 
show people how the PV cells work and how atmospheric and weather conditions affect the performance 
of these systems. 
 
So the project was developed with two objectives: to experiment and teach engineering students, and 
to show elementary and high school students how a PV array works. The prototype consists of robust 
mobile structure equipment with 2 or more PV panels, an array of batteries, and a data acquisition system. 
It is designed to handle the panels and batteries in order to evaluate the performance of the panel under 
different shade and tilt conditions. 
 
Thus, this paper presents the design of a mobile PV demonstration and experimentation system. This 
equipment was designed for teaching purposes, for the Sustainable Energy Systems engineering degree 
program, particularly for the solar energy and solarimetric courses.  
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The equipment was designed based on the one owned by the University of Delaware [4], but with 
additional components like a shadow system, a rheostat, and a data acquisition system. It was designed to 
be easily handled and robust. Also, the measure and acquisition data equipment can be replaced according 
to each specific application. Students can safely make all the circuit connections, giving them a strong 
sense of independence and confidence.  
 
Now the project is in the construction and testing phase and is expected to be ready for demonstration 
by the end of November.  
 
2. Description of the design 
 
As stated above, the system consists of an automobile in which two or more PV panels and an array of 
batteries are coupled. It is a mobile, robust and lightweight frame that allows transporting the system in 
an easy way in order to perform demonstrations in different places. Fig. 1. Shows a schema of the system. 
The components are described below: 
 
x Main structure: The frame consists of a mobile table made of galvanized steel. This table shelters the 
batteries, charge controller, and all electronic equipment. It is also coupled with a telescopic arm. It 
includes stabilizing jacks in order to make the car steady when experiments are performed.  
 
x Photovoltaic panels. There are two 135W polycrystalline PV panels with an operation voltage of 17.8 V 
and an operation current of 8.15A. The dimensions of the modules are 1481mm x 671mm. The first 
prototype includes only 2 solar modules, but it is ready to use 4 solar panels with similar dimensions. It is 
important to point out that the system is prepared to be used with different PV modules, so it may be 
helpful in the evaluation the performance of the panels used. 
 
x Telescopic arm. It allows the movement of the height of the panels in order to manipulate them and 
change the PV array. 
 
x Pivot bar. This circular bar is equipped with a crank that allows the rotation of the PV mounts in order to 
change the panel tilt. 
 
x Batteries: The system is equipment with an array of 2 or 4, 12V lead acid batteries. A different array of 
batteries can be used in order to show the student the difference between serial and parallel connection. 
Also, the capacity and type of batteries can be changed.  
 
x Charge controller. A STECA PRS 1515 model charge controller was selected. This kind of equipment has 
an automatic detection of voltage. It can be used with different arrays and capacities of modules. 
 
x Rheostat. This equipment is useful to simulate the load.  
 
x Inverter: A STECA Solarix PI550 inverter was selected, with a system voltage of 12 V and a continuous 
power of 450VA. Plans are to use more than one inverter in future works in order to make different 
arrangements and compare the results. 
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Fig. 1. Mobile PV demonstration system 
 
x Control and measurement system. As stated above, the system will be used for undergraduate and high 
school students. So it includes a control panel that allows students to wire circuits themselves. In this 
panel they can easily change the PV modules and batteries array. It also includes a series of multi-meters 
and ammeters in order to measure voltage and current. 
 
x Shadow system: This is a part that may be mount over the panels in order to evaluate the effect of shadow 
in the performance of them.  
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x Data acquisition system. It is useful to study the variation of different parameters of the panel as a 
function of the solar radiation and obtain the I-V curves. 
 
x Module mounts. Aluminium supports which allow the panel to rotate around the pivot rod.  
 
x Temperature sensor. It is important to measure the panel temperature in order to evaluate the effect of this 
parameter in the PV panel efficiency. 
 
x Radiation sensor. It is important to measure the radiation in order to have a complete analysis of the 
parameters that determine the performance of the PV system. 
 
3. Comparative analysis of the design 
 
As stated, most of the PV training systems are expensive and designed only for certain applications. 
For instance, the ET 250 model of GUNT ® [5] is equipped with 2 small PV modules and a rheostat 
which is applied to simulate the load. This equipment is very useful to determine the modules curves and 
to observe the effects of shadow and tilt in the PV panel performance. The disadvantage of this system is 
that it does not include the batteries and it may not allow observation of the performance of a complete 
PV system. (2) 
 
Lucas-Nülle GmbH’s EPH 2 [6] is designed for advanced students of energy engineering. It is 
equipped with an additional calibrated light that simulates the solar radiation on the panel, which allows 
its evaluation under controlled conditions. Also, the influence of shadow and tilt can be observed and it 
can simulate the “smart grid” integration. It includes software that guides the students during the lab 
practices and can be connected to a wind turbine. This equipment is very similar to the one suggested 
herein, but it does not include a battery connection either. A comparative analysis of this equipment and 
the one proposed here is presented in table 1. 
 
Finally there are other less expensive devices, like the Solar Trainer Junior by IKS photovoltaic [7]. 
This one is also very useful for lab practice, but the PV panel is too small and no commercial panels can 
be used. 
 
Analysis showed that there some PV training systems in the market, but most of them are designed for 
advanced students only and cannot be used by high school students. Also, most of them have a small PV 
panel and are not ready to evaluate commercial modules. Besides, they are designed for the evaluation of 
the performance of the solar panel but not of the entire system. 
  
Regarding the price, most of the complete systems are rather expensive; prices range from US$40,000 
to US$50,000 mainly because they use proprietary software for data acquisition and treatment. 
Furthermore, price increases because of import costs, since they are not manufactured in Mexico.  
 
After analyzing several options for PV training equipment, it was decided that the best choice is to 
manufacture a system specifically for the engineering program at UAEMEX that is also ready to be used 
by high school students. The estimated manufacture price for the system is US$10,000.00, as described in 
table 2. 
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The data acquisition system will use LabView software for the program to control and plot the modules 
curves. Since the University already holds a license, it will not increase the cost.  
 
Table 1. Comparative analysis of the system proposed versus a commercial one. 
Equipment Characteristics EPH2 System proposed 
Cost (US Dollar) $ 50000 $ 10000 
Battery included No 4,12V lead acid  
PV panels 2 2 - 4 
Software included Yes No 
 
It is also important to say that Mechanical and Electronic Engineering students were involved in this 
project. This results in an additional advantage because their involvement helps them develop research 
and problem solving skills. This fact is very important; authors like Hauchak [7] propose that 
incorporation of hands-on activities help the more tactile learner grasp the material. 
 
4. Practice exercises developed with the PV mobile system 
 
 As stated above, the system presented in this paper is useful as a lab practice for engineering students 
and as demonstration equipment for elementary and high school students.  
 
In order to show the importance of the system in helping energy engineering students develop skills, 
this section describes some of the exercises they can carry out.  
  
Many different practice exercises may be achieved with this equipment, for example, the difference 
between serial and parallel connections, and the evaluation of the panel under different radiation 
conditions. Particularly there are two important practices that may be achieved in the energy engineering 
school: 
4.1 Tilt and shadow effect  
In this exercise the two PV modules are not connected together. They are measured and evaluated 
separately. One of the modules is correctly oriented and the other one is positioned with a mismatch in 
the orientation and tilt. Current and voltage is recorded for both panels. 
The effect of a shadow on a panel can be evaluated in the same way. One of the tow panels is partially 
in the shade and the effect on current and voltage could be recorded.  
These exercises are useful to assess how a tilt and shadow mismatch will affect the PV module 
performance. This kind of practice may also be carried out with high school students.  
4.2 I-V Curve tracing exercises for the PV training lab 
The I-V curve represents all of the possible operating points of a PV module at certain irradiance 
conditions. This curve reveals more about the performance of a PV module or array than any other 
measurement method, thus this kind of curve is a standard tool used for solar installers.  
Energy engineering students need to understand the I-V curve and how it changes under different 
ambient and tilt conditions and the best way to understand it is to plot it.  
In fact, some authors [5] consider that in education, a critical part of success in understanding and 
troubleshooting is to entirely comprehend how PV systems operate. 
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To perform the plotting of the I-V curve the equipment shown must also include a bipolar power 
source—to polarize the module with different voltage values—and a resistor—to evaluate the short 
circuit current. 
 
The practice described above shows how to plot an I-V curve and compare it with the one provided 
with the PV module in order to evaluate its performance.  
 
5. Conclusions 
 
During the development of this project, it was seen that even though different devices exist for 
practical training in photovoltaic systems, it is desirable to have a locally-developed design that suits the 
needs of the engineering program and can also be used as demonstration equipment for high school 
students. 
 
It is possible to build a low-cost system by using domestic materials and avoiding the high cost 
importation involves. 
 
On the other hand, during the development of this project, students of the university’s mechanical and 
electronic engineering programs became involved, thus representing a double gain, as they were able to 
participate in real-world problem solving, suggest their own solutions. This allowed them to further their 
skills in research and problem solving.  
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